Caliciviruses are positive-sense single-stranded RNA viruses with a single capsid protein. The serotypes of the marine mammal calicivirus, San Miguel sea lion virus (SMSV), are antigenically related to vesicular exanthema of swine virus (VESV) and are potentially hazardous to swine. Western blot assays using purified SMSV serotypes 1 and 4 were used to further examine the serologic relationship among SMSV and VESV isolates. With the exception of SMSV 8 and SMSV 12, rabbit polyclonal antisera generated against all the available SMSV and VESV isolates reacted positively, as assessed by western blot, with purified capsid protein from SMSV 1 and SMSV 4. Consequently, the SMSV 8 and SMSV 12 virus isolates may not be members of the SMSV/VESV calicivirus group. Using antisera from pigs experimentally inoculated with SMSV and VESV as positive controls, a western blot assay for these virus types was utilized to check for the presence of antibodies to caliciviruses in swine sera. Sera from colostrum-deprived gnotobiotic pigs were used as a negative control in all experiments. Examination of sera from domestic and feral swine collected in Iowa, California, and Florida was completed using this technique. The presence of antibodies to these virus types was not detected in any of the porcine sera tested.
Caliciviruses are nonenveloped, single-strand, positive-sense RNA viruses with a single capsid protein of molecular weight 60,000-70,000. 2, 8, 24 The most common members of this group include the Norwalk virus of humans (NV), 16 feline calicivirus (FCV), 27 rabbit hemorrhagic disease virus, 19 porcine enteric calicivirus, 12,22,23 vesicular exanthema of swine virus (VESV) 8, 18 and San Miguel sea lion virus (SMSV). 5, 7, [28] [29] [30] 33, 35 Candidate caliciviruses have also been isolated from cattle, 32 fish, 38 marine mammals other than seals or sea lions, 1,34,40 simians, 36,37,39 dogs, 11,26 and mink. 11,17 Based on biophysical properties and the mechanism of RNA replication, these viruses are now classified into their own separate family, the Caliciviridae. 6, 9, 24 Vesicular exanthema of swine (VES) first occurred in 1932 and was thought to be foot-and-mouth disease because of the clinical similarities. 18, 35 The outbreaks of VES were associated with the feeding of uncooked garbage containing sea mammal waste to swine. 18 In-fection resulted in vesicles on the snout, lips, tongue and oral cavity mucosa, and the interdigital space and coronary band of the feet. 14, 18 Following legislation requiring the cooking of garbage fed to domestic animals, the disease was eliminated and is now considered exotic. 18 Calicivirus isolates morphologically and biophysically identical to VESV were later isolated from California sea lions in 1972 on San Miguel island and designated San Miguel sea lion virus (SMSV). 7, 25, 30 Marine mammals were believed to be the primary source of VESV, and results from serologic studies with SMSV corroborated this conclusion. 9, 30, 41 Investigations to categorize VESV and SMSV isolates were conducted using immunoelectron microscopy, 42 radioimmune precipitation, 44 and serum virus neutralization (VN). 35 SMSV and VESV isolates appear to be identical biophysically. 21, 45 Also, calicivirus capsid proteins are very similar at the amino acid sequence level and probably share many common epitopes 20,43 Specifically western blots have shown that FCV isolates cross-react with polyclonal sera whether they differ considerably or not at all by VN. 27 To determine if this is the case for VESV and SMSV, a western blot analysis using rabbit polyclonal antisera against all the available VESV and SMSV isolates was conducted to examine their cross-reactivity. Porcine antisera to VESV were also used to examine the cross-reaction to SMSV capsid proteins, and a serologic sur- Table 1 . Virus neutralization (VN) titers and reactivities by vey using domestic and feral swine sera was conducted Western blot to capside proteins of San Miguel sea lion virus (SMSV) to possibly identify animals serologically positive for isolates 1 and 4, using rabbit antisera to SMSV and vesicular exthese agents. anthema of swine virus (VESV) isolates.
Materials and methods
Cells, viruses, and virus purification. SMSV serotypes 1 and 4 35 were replicated in African green monkey (Vero) cells using Hanks' buffered minimal essential medium supplemented with 5% fetal bovine serum. 20 Cultured cells were infected with virus at a multiplicity of infection of 5. At 16 hr postinfection virus was harvested by homogenizing infected cells with a mechanical homogenizer, followed by a freeze-thaw at -20 C. The homogenate was clarified by centrifugation (12,000 x g) at 4 C for 20 min. The supernatant was layered over a step gradient of 7 ml CsCl at a density of 1.6 g/ml and 5 ml of CsCl at a density of 1.28 g/ml overlaid with 5 ml of 20% sucrose in TE buffer (10 mM Tris, 5 mM ethylenediaminetetraacetic acid [pH 7.21). The gradient was centrifuged (125,000 x g) for 3 hr at 4 C in a SW 28 rotor. The virus band at 1.37 g/ml 21 was collected and dialyzed against phosphate-buffered saline (PBS; 0.1 M NaH 2 PO 4 , 0.9% NaCl [pH 7.21). Purified virus was stored at -70 C until use. Viruses used in this study included VESV serotypes A48, B51, C52, D53, E54, F55, G55, H54, I55, J56, and K54, a SMSV serotypes 1, 2, and 4-13, b and putative caliciviruses from gorilla, dolphin, and rattlesnake. b
Antisera preparation and titration. Rabbit polyclonal antisera for SMSV and VESV isolates are listed in Table 1 . Antisera were produced using cell culture viral inocula grown in either Vero cells or IB-RS-2 D10 (porcine kidney) cells. Young adult female New Zealand white rabbits were inoculated with 5.0 ml intravenously (i.v.), 5.0 ml intraperitonealy, 5.0 ml (divided into 4 sites) intramuscularly, and 1.0 ml interdigitally divided among several sites on the hind feet. At least 6 wk later, the rabbits were hyperimmunized by injection of 5.0 ml of the inoculum i.v. Blood samples from the rabbits were collected by cannulating the middle artery of the ear. Sera were pooled, filtered, sterility tested, and lyophilized. Sera used in this study were subjected to 3 megarads of gamma radiation from a cesium source to assure inactivation of any possible contaminating foreign animal disease agent. The above protocol did not raise antiserum of high titer to VESV D53, SMSV 7, and SMSV 13. For these viruses, cell culture supernatant was centrifuged (125,000 x g) through 5 ml of a 40% sucrose cushion for 2 hr at 4 C in a SW 28 rotor. The pellet was reconstituted in PBS and inoculated as above.
To produce porcine polyclonal antisera to SMSV and VESV isolates, pigs were inoculated with approximately 10 7 plaqueforming units of virus by scarification of the snout and foot followed by a subcutaneous hyperimmunization 6 wk later. At 10 wk postinoculation, blood samples were collected and the sera were lyophilized.
Feral swine sera were obtained after use in previous investigations conducted in California 10 and Florida. 47 Sera from pigs seropositive for porcine reproductive and respiratory disease (PRRS) virus and transmissible gastroenteritis (TGE) virus were also tested for detection of antibodies to SMSV.
Polyacrylamide gel electrophoresis of SMSV capsid proteins and western blot analysis. Purified SMSV serotypes 1 and 4 were electrophoresed in denaturing 10% sodium dodecyl sulphat+polyacrylamide gels as previously described 15 and transferred to nitrocellulose. 46 Membranes were washed with 0.1 M PBS containing 3% fish gelatin and 0.05% Tween 20 to block nonspecific binding. Nitrocellulose membranes were then reacted for 2 hr with the primary antibody (diluted 1:100) in blocking solution followed by 3 washes with 0.1 M PBS, 1% fish gelatin, 0.05% Tween 20. The membranes were then incubated with horseradish peroxidase-conjugated goat anti-rabbit or anti-pig IgG (Cappel) followed by three washes with 0.1 M PBS and 1% fish gelatin. Color was developed using 4-chloro-1-naphthol and hydrogen peroxide. 13
Results
Antisera produced in rabbits to various SMSV and VESV isolates are listed in Table 1 along with their respective neutralizing and cross-neutralizing titers and reactivities as determined by western blot to SMSV 1 capsid protein. Overall, there was little or no crossneutralization among the SMSV and VESV antisera to heterologous virus (Table 1) . However, the reactivity by western blot was very consistent (Fig. 1) . For example, rabbit antiserum to SMSV 2 had a high VN titer to the homologous virus (2,000), but a VN titer of only 15 to SMSV 9 was detected among the other SMSV or VESV serotypes (Table 1) . The SMSV 2 antiserum was highly cross-reactive by western blot with the capsid protein of SMSV 1 (Fig. 1, lane S) , despite the low or lack of VN titer to other SMSV virus types. The VESV B51 antisera had a VN titer of 5,000 to the homologous virus but only a VN titer of 140 to SMSV 1 among the remaining SMSV or VESV serotypes (Table 1). However, the VESV B51 antiserum had a positive reaction by western blot to SMSV 1 capsid protein (Fig. 1, lane 16) . With 2 exceptions, all the remaining SMSV and VESV rabbit antisera reacted with SMSV 1 capsid protein by western blot analysis despite having little or no neutralizing titer to different virus serotypes (Table 1, Fig. 1 ). Antisera to SMSV 8 and SMSV 12 did not react by western blot with the SMSV 1 capsid protein and had no detectable VN titer to the other SMSV or VESV serotypes (Table 1; Fig. 1, lanes 11 and 13, respectively). All the VESV rabbit antisera bound SMSV capsid protein (Fig. 1, lanes 14-24) . Antiserum to the putative rattlesnake calicivirus also did not react by western blot with SMSV 1 capsid protein (Fig. 1, lane 5) . Sentinel rabbit antiserum used as a control did not react by western blot with SMSV capsid protein (Fig. 1, lane 1) . Identical results were obtained when SMSV 4 rather than SMSV 1 capsid protein was used for western blot analysis for each of the antisera and control sera (data not shown).
A separate set of analyses was completed using porcine antisera for western blot analysis (Fig. 2) . Because of regulatory requirements, porcine antisera to VESV were gamma irradiated prior to shipment from the Foreign Animal Disease Diagnostic Laboratory to the National Animal Disease Center (Ames, IA). Nevertheless, all the porcine antisera to various VESV isolates reacted positive by western blot to SMSV 1 capsid protein (Fig. 2, lanes 1-7, [9] [10] [11] [12] [13] [14] [15] [16] [17] . Sera from colostrumdeprived specific-pathogen-free pigs were used as negative controls and had no reactivity by western blot to SMSV 1 capsid protein (Fig. 2, lanes 8, 18-24) . As with the rabbit antisera, identical results were obtained when SMSV 4 was substituted for SMSV 1 capsid protein and used as the antigen to test various porcine antisera by western blot analysis (data not shown).
Because the western blot analysis was successful in detecting the presence of antibodies to SMSV and VESV in swine sera, the technique was used to examine a number of other porcine serum specimens for the presence of antibodies to these calicivirus types. Ten sows previously found to be serologically positive for PRRS virus and 10 sows serologically positive for TGE virus were examined by western blot analysis for the presence of antibodies to SMSV. None of the PRRS-or TGE-positive sera were positive for SMSV capsid protein antibodies, although the positive control sera did react (data not shown). Additionally, 40 sera from feral swine used during previous investigations in California 10 and Florida 47 were examined for the presence of antibodies to SMSV using the western blot. Again, only the positive control sera reacted with the SMSV capsid proteins (data not shown). In summary, no animals serologically positive for SMSV or VESV caliciviruses could be detected in domestic or feral swine populations during these investigations.
Discussion
Caliciviruses have been detected and typed using virus neutralization. By this method, these viruses have very little cross-reactivity, and type specific antisera are needed to identify individual isolates. 18, 35 The westem blot assay is now used extensively to detect cattle serologically positive for bovine retroviruses. 48, 49 Although FCV isolates differ considerably by virus neutralization, they are highly cross-reactive by western blot analysis. 27 Consequently, western blot assays were used to examine the cross-reactivity among SMSV and VESV isolates. Although SMSV and VESV isolates may differ considerably by virus neutralization, the western blot assay successfully identified cross-reactiv-ity among all but 2 available isolates of these virus types. SMSV serotypes 8 and 12 did not cross-react with sera used during these studies. Antisera to the putative rattlesnake calicivirus also did not react positively on the western blot. These results indicate that these viruses may not be in the SMSV/VESV group of caliciviruses. Further investigations are needed to clarify the relationships among outgroups of these virus types.
The western blot was also used to examine various porcine sera for the presence of SMSV and VESV antibodies. No antibody-positive porcine sera were detected in either domestic or feral swine examined during these studies. This finding contrasts with that of a previous study in which virus neutralizing antibodies were found in sera from marine mammals 3,4 and feral swine from the California coast. 31 Feral swine sera seronegative by western blot in the present study were from Califomia 10 and Florida. 47 Why this discrepancy exists is unknown, but it is important to note that no calicivirus-seropositive swine were detected in any of the domestic swine tested during this investigation. Western blot analysis is an efficient and reliable technique for detecting group reactive antibodies to SMSV/ VESV viral antigens even though these antigens may not be identified by virus neutralization.
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